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AB STRAC T 

I n  a n  a t t e m p t  t o  improve t h e  land cove r /use  c l a s s i f i c a t i o n  accuracy 
o b t a i n a b l e  from remote ly  sensed  m u l t i s p e c t r a l  imagery, AIS-I images have been 
a n a l y z e d  i n  c o n j u n c t i o n  w i t h  mS (NSOOl), LFC c o l o r  i n f r a r e d  photography and 
b l a c k  and wh i t e  a e r i a l  photography. S p e c i f i c  p o r t i o n s  of t h e  combined d a t a  s e t  
were r e g i s t e r e d  and used f o r  c l a s s i f i c a t i o n .  Fol lowing t h i s  p r o c e d u r e ,  t h e  
r e s u l t i n g  d e r i v e d  d a t a  was t e s t e d  u s i n g  an o v e r a l l  accu racy  assessment  method. 

T h i s  s t u d y  is not  based upon the  use  of p r e c i s e  photogrammetric 2D-3D-2D 
geomet r i c  modeling t e c h n i q u e s .  I n s t e a d ,  t h e  d i s c u s s i o n  exposes r e s u l t a n t  
s p e c t r a l  f i n d i n g s  from t h e  image-to-image r e g i s t r a t i o n s .  Problems a s s o c i a t e d  
w i t h  t h e  A I S - I  - TMS i n t e g r a t i o n  are cons idered ,  and u s e f u l  a p p l i c a t i o n s  of 
t h e  imagery combinat ion are p r e s e n t e d .  

More advanced methodologies  f o r  imagery i n t e g r a t i o n  are needed i f  
m u l t i s y s t e m  d a t a  se t s  are t o  be u t i l i z e d  f u l l y .  N e v e r t h e l e s s ,  fundamental  
r e s e a r c h ,  such as d e s c r i b e d  h e r e i n ,  p r o v i d e s  a f o r m u l a t i o n  f o r  f u t u r e  E a r t h  
Obse rva t ion  S t a t i o n - r e l a t e d  multLsensor  s t u d i e s .  

INTRODUCTION 

Cons ide rab le  t e c h n i c a l  r e s e a r c h  and development have been completed 
w i t h  r ega rd  t o  t h e  d e s i g n  of remote s e n s i n g  sys t ems ,  and as more s o p h i s t i c a t e d  
imaging systems have been brought  o n - l i n e ,  t h e r e  has  been g r e a t e r  i n t e r e s t  
d i r e c t e d  towards t h e  u t i l i z a t i o n  of an e v e r  i n c r e a s i n g  amount- of d a t a .  I n  
p a r t i c u l a r ,  as a method f o r  r e a l i z i n g  t h e  f u l l  p o t e n t i a l  of r emote ly  s e n s e d  
Imagery, some r e s e a r c h  h a s  a d d r e s s e d  t h e  v a r i o u s  a s p e c t s  of combining 
complementary s e n s o r  d a t a .  I n  an e f f o r t  t o  broaden t h e  a p p l i c a b i l i t y  of 
r emote ly  sensed  d a t a ,  Airborne Imaging Spectrometer-I  (AIS-I),  Thematic Mapper 
S i m u l a t o r  (NS001 o r  TMS) and Large Format Camera (LFC) imagery have been 
ana lyzed  c o n j u n c t i v e l y  f o r  pu rposes  of l and  u s e / c o v e r  c l a s s i f i c a t i o n .  
S p e c i f i c a l l y ,  a l l  d a t a  was examined t o  a s s i s t  i n  the  c l a s s i f i c a t i o n  of C a i r n s ,  
Queensland, A u s t r a l i a .  The r e s e a r c h  o b j e c t i v e s  focused on t h e  c o m p a t i b i l i t y  of 
an LFC, AIS-I and TMS-AIS-I imagery set .  

The space-based photography was o b t a i n e d  by t h e  NASA LFC d u r i n g  t h e  Space 
T r a n s p o r t a t i o n  System Y i s s i o n  41-G,  from aboard the  S h u t t l e  Cha l l enge r  at  a n  
a l t i t u d e  of approx ima te ly  225.75 k i l o m e t e r s .  The i n d i v i d u a l  frames used f o r  
t h i s  s t u d y ,  1696-1698, were t aken  on 11 October 1984 u s i n g  Eastman Kodak SO- 
131 h i g h  d e f i n i t i o n  aerochrome c o l o r  i n f r a r e d  ( p o s i t i v e )  f i l m .  Without 
m a g n i f i c a t i o n ,  t h e  approximate scale of t he  photography was 1: 778,630 which, 
i n  t u r n ,  y i e l d e d  an e s t i m a t e d  s p a t i a l  r e s o l u t i o n  of 20 meters (Lucas,  Pea r son ,  
and Biache,  1986). 
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AIS-I imagery were c o l l e c t e d  aboard the  NASA A m e s  C-130 a i r c r a f t  on 2 2  
October 1985. The a l t i t u d e  of t h e  a i r c r a f t  d u r i n g  t h e  f l i g h t  was nominal ly  
7000 meters .  Aerial  b l ack  and white  photography was a l s o  c o l l e c t e d  by t h e  C- 
130 u s i n g  a bo re - s igh ted  35mm r e f e r e n c i n g  camera a l o n g  w i t h  imagery from t h e  
NSOOl m u l t i s p e c t r a l  scanner .  A second set of b l ack  and wh i t e  pho tographs ,  
t a k e n  on 13 August 1984 a t  450 meters (p rov ided  by Northern A i r  Surveys under 
c o n t r a c t  t o  t h e  Queensland Department of Surveying and Mapping), was a l s o  
inc luded .  Tab le  1 summarizes a l l  d a t a  a v a i l a b l e  for t h i s  l and  c l a s s i f i c a t i o n .  

Large Format Camera 
Kodak SO-131 f i l m  

Airborne Imaging Spec t romete r - I  
128 s p e c t r a l  bands 
s p e c t r a l  sampling a t  9.6 nm 

Thematic Mapper S imula to r  (NS001) 
Band 1 
Band 2 
Band 3 
Band 4 
Band 5 
Band 6 
Band 7 
Band 8 

Aerial Photography 
(from 7 k i l o m e t e r s )  

Aerial  Photography 
(from 450 m e t e r s )  

0.50 - 0.90 

1.20 - 2.40 

0.448 - 0.519 
0.529 - 0.603 
0.633 - 0.697 
0.767 - 0.910 
1.00 - 1.30 
1.57 - 1.71 

10.90 - 12.30 
2.10 - 2.38 

Black and White 
Ae r o c  hrome 

Black and White 
A e  roch t o  me 

ANALYSIS TECHNIQUES 

The b a s i s  f o r  t h i s  s t u d y  was t h e  Anderson e t  a1 (1976) l and  u s e / c o v e r  
c l a s s i f i c a t i o n  system. T h i s  t e c h n i q u e  was deemed most s u i t a b l e  s i n c e  t h e  
h i e r a r c h i c a l  d e s i g n  of t h e  Anderson sys t em is s t r u c t u r e d  t o  be d r i v e n  
p r i m a r i l y  by t h e  i n t e r p r e t a t i o n  of remote s e n s i n g  d a t a  o b t a i n e d  a t  v a r i o u s  
scales and r e s o l u t i o n s  and not d a t a  c o l l e c t e d  in s i t u  ( J e n s e n ,  1986). 

The i n i t i a l  r e s e a r c h  g o a l  was t o  i n c o r p o r a t e  t h e  AIS-I imagery t o  t h e  
maximum e x t e n t  p o s s i b l e  i n  t h e  r e s p e c t i v e  phases  of the c l a s s i f i c a t i o n .  
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Extreme amounts of  d i s t o r t i o n  i n  t h e  o r i g i n a l  AIS-I d a t a ,  however, p r o h i b i t e d  
use of t he  e n t i r e  f l i g h t - l i n e .  E f f o r t s  t o  remove t h i s  skewing problem were n o t  
employed. Hence, t h e  f i r s t  35% and t h e  l a s t  12% of t h e  imagery were n o t  
ana lyzed .  T h i s  narrowed t h e  cho ice  of s p e c i f i c  s t u d y  s i t e s  c o n s i d e r a b l y .  
T h e r e f o r e ,  t h e  s p e c i f i c  s t u d y  a r e a  began a t  Admiral ty  I s l a n d ,  con t inued  
through Smith 's  Creek, T r i n i t y  I n l e t ,  v a r i o u s  l o a d i n g  p i e r  areas,  and f i n a l l y ,  
end ing  in downtown CaFrns. 

PI:otographic a n a l y s i s  of t h e  LFC hard-copy was performed us ing  a Bausch b 
Lomb b i n o c u l a r  zoom microscope. S t e r e o  a n a l y s i s  was performed w i t h  a Zeiss 
Aerotopo s t e r e o s c o p e  as w e l l  as w i t h  t h e  Autometric-developed A n a l y t i c a l  
Photogrammetric P r o c e s s i n g  System (APPS-IV). AIS-I and TMS imagery were 
ana lyzed  u s i n g  t h e  E a r t h  Resources Data Ana lys i s  System (ERDAS) v e r s i o n  7 . 2 ,  
which was i n s t a l l e d  i n  a COMPAQ 386 micro computer. F i n a l l y ,  AIS-I d a t a  were 
a l s o  analyzed u s i n g  t h e  S p e c t r a l  Analysis  Manager (SPAM) and a Gould DeAnza 
FD5000 image p r o c e s s o r  w i th  a VAX 11/750 computer as t h e  h o s t .  

PHOTOGRAPHIC ANALYSIS RESULTS 

From a n a l y s i s  of t he  LFC photography,  a b a s i c  d e l i n e a t i o n  of l and  
u s e / c o v e r  was p o s s l b l e .  For example, t he  v a s t  abundance of h e a l t h y  we t l ands  
was p a r t i c u l a r l y  s t r i k i n g .  The d e l i n e a t i o n  of s p e c i f i c  items, however, w a s  
d i f f i c u l t  t o  a s c e r t a i n  wi th  t h e  LFC hard-copy. Most n o t a b l y ,  d e f i n i t i o n  of 
s p e c i f i c  v e g e t a t i o n  type was not a t t a i n a b l e .  Under m a g n i f i c a t i o n ,  some u rban  
l and  u s e  f u n c t i o n s  were appa ren t .  I n  p a r t i c u l a r ,  l o a d i n g  p i e r s  and a d j a c e n t  
s t r u c t u r a l  f e a t u r e s  were d i s c r i m i n a t e d .  One area of unknown cover  type  was an 
open f i e l d  j u s t  n o r t h  of t h e  dock' area. T h i s  f i e l d ,  l a r g e r  t han  two C a i r n s  
c i t y  b l o c k s ,  d i s p l a y e d  an even-toned g reen  s i g n a t u r e  over  t h e  s o u t h e r n  h a l f ,  
which t r a n s i t i o n e d  i n t o  a h i g h l y  i r r e g u l a r  gray-white t one  i n  t h e  n o r t h e r n  
h a l f .  The deep red s i g n a t u r e s  of t h e  ne ighbor ing  l u s h  marshes and f o r e s t e d  
areas were n i s s i n g  from t h e  open f i e l d .  Reasons f o r  t h i s  h i g h l y  i r r e g u l a r  s i t e  
cou ld  no t  be d e f i n e d  u s i n g  t h e  LFC imagery. 

In s u p p o r t  o f  t h e s e  i n i t i a l  f i n d i n g s ,  t h e  medium and low a l t i t u d e  
panchromatic  ae r i a l  photography was ana lyzed  i n  an a t tempt  t o  o b t a i n  a 
s t r o n g e r  i d e n t i f i c a t i o n  of  t h e  Cairns areas i n  q u e s t i o n .  By i n t e r p r e t i n g  t h e  
photography,  t h e  i n d u s t r i a l  l a y o u t  of t h e s e  s i tes  became somewhat more 
appa ren t .  Indeed,  t h e  dominant s t r u c t u r a l  f e a t u r e s  were devoted t o  t h e  l o c a l  
s u g a r  i n d u s t r y .  I n  a d d i t i o n ,  t h e  open f i e l d  appeared t o  have some g r a s s e s ,  bu t  
r easons  f o r  t h e  change i n  s i g n a t u r e  were s t i l l  undeterminable .  G e n e r a l l y ,  
i n f o r m a t i o n  r e g a r d i n g  s o i l  m o i s t u r e  and s o i l  t ype  i s  d i f f i c u l t  t o  o b t a i n  u s i n g  
a e r i a l  photography. To a d d r e s s  t h i s  problem and f u r t h e r  s u b s t a n t i a t e  t h e  
c l a s s i f i c a t i o n ,  t h e  m u l t i s p e c t r a l  imagery was accessed .  

AIRBORNE IMAGING SPECTROMETER-I ANALYSIS AND RESULTS 

Using o n l y  t h e  photography,  p r e l i m i n a r y  c l a s s i f i c a t i o n  was p o s s i b l e .  Two 
major concerns however, were no t  met wi th  t h e  hard-copy: (1) t h e  we t l and  
v e g e t a t i o n  cou ld  no t  be s p e c i e s  determined ( 2 )  t h e  v e g e t a t i o n  i n  t h e  

To s o l v e  t h e s e  problems,  a d i s c r i m i n a t e  a n a l y s i s  of t h e  AIS-I imagery w i t h  
SPAM was' employed. 

. aforementioned f i e l d  n e a r  t h e  l o a d i n g  dock could not  be a c c u r a t e l y  i d e n t i f i e d .  

., 
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The f i r s t  s t e p  i n  t h i s  p r o c e s s  invo lved  c r e a t i n g  a series of s p e c t r a l  
l i b r a r y  p l o t s  based on t h e  C a i r n s  d a t a  from areas of known composi t ion.  For 
example,  based on t h e  photography and topograph ic  maps of t h e  r e g i o n ,  c e r t a i n  
d i s t i n g u i s h a b l e  areas, such  as g r a s s  from urban p a r k s ,  s h a l l o w  water b o d i e s  
and c o n c r e t e / s t e e l  urban s t r u c t u r e s ,  were l o c a t e d  on t h e  AIS-I imagery. Based 
on t h e s e  s p e c i f i c  p i x e l s ,  b r i g h t n e s s  va lue  p l o t s  were c r e a t e d  f o r  t h e  f i r s t  80 
bands of t h e  128 band d a t a  set  and saved us ing  t h e  SPAM SAVEPLOT command. The 
second s t e p  f o r  t h i s  method invo lved  p l o t t i n g  p i x e l  b r i g h t n e s s  v a l u e s  from t h e  
p r e v i o u s l y  c h a r t e d  areas i n  q u e s t i o n .  Thus, from w i t h i n  t h e  f i e l d  area,  p i x e l  
b r i g h t n e s s  v a l u e  p l o t s  were c r e a t e d  and, u s i n g  t h e  LIBPLOT command, compared 
t o  t h e  newly c r e a t e d  l i b r a r y  p l o t s .  Based on t h e s e  and o t h e r  LIBPLOT 
comparisons,  t h e  wet land v e g e t a t i o n  i n  q u e s t i o n  w a s  determined t o  be l u s h  
we t l and  s c r u b  brush.  With r ega rd  t o  t h e  open f i e l d ,  t h e  n o r t h e r n  h a l f  was 
determined t o  be covered by an even expanse of g r a s s  w i t h  i n t e r m i t t e n t  g roups  
of herbaceous sh rubs .  The s o u t h e r n  e x t e n t  of t h e  f i e l d  appeared t o  s h a r e  a 
similar s i g n a t u r e .  The d i f f e r e n c e  i n  t o n e ,  however, w a s  determined t o  be t h e  
p re sence  of high s o i l  mo i s tu re  l e v e l s .  

REGISTERED IMAGERY (AIS-I AND TMS) ANALYSIS AND RESULTS 

The t h i r d  approach t o  a n a l y z i n g  t h e  Ca i rns  area invo lved  superimposing 
t h e  AIS-I w i th  t h e  TMS imagery and performing a s t a t i s t i c a l  a n a l y s i s  of t h e  
t e s u l t a n t  d a t a  f i l e .  S p e c i f i c a l l y ,  band e x t r a c t i o n ,  based on examples 
documented by U s t i n ,  Rock and Woodward (19861, was employed t o  remove s e l e c t e d  
bands of in te res t  from t h e  n e a r  i n f r a r e d  r eg ion  of t he  AIS-I  imagery. When 
examined v i s u a l l y  u s i n g  SPAM, bands 9, 16 and 30 were determined t o  e x h i b i t  
s i g n i f i c a n t  b r i g h t n e s s  v a r i a t i o n s  and were t h e r e f o r e  e x t r a c t e d .  Fol lowing 
t h i s ,  t h e  3-band AIS-I d a t a  s e t  and t h e  7-band (band 8 was not  i n c l u d e d )  TMS 
d a t a  were downloaded from t h e  VAX 11/750 t o  t h e  COMPAQ 386/ERDAS image 
p r o c e s s i n g  system. 

Before pe r fo rming  a s t a t i s t i c a l  c l a s s i f i c a t i o n  on t h e  AIS-I and TMS 
imagery t o g e t h e r ,  t h e  two d a t a  sets  had t o  be r e g i s t e r e d .  Th i s  image 
r e g i s t r a t i o n  p r o c e s s  involved t r a n s l a t i n g  and r o t a t i n g  t h e  imagery s o  t h a t  
o b j e c t s  were p o s i t i o n e d  c o i n c i d e n t  w i t h  respect t o  one another and 
cor re spond ing  elements of t he  same ground appeared i n  t h e  same place on t h e  
r e g i s t e r e d  imagery ( J e n s e n ,  1986). I n  t h i s  case, t h e  AIS-I imagery were 
g e o m e t r i c a l l y  s h i f t e d  t o  o v e r l a y  t h e  TMS "base map" image. It shou ld  be n o t e d ,  
however, t h a t  t h i s  p r o c e s s  was no t  based on t r a d i t i o n a l  photogrammetr ic  
t e c h n i q u e s  f o r  2D-3D-2D geomet r i c  modeling. I n s t e a d ,  t h i s  procedure s imply  
r e p r e s e n t s  a n  image-to-image r e g i s t r a t i o n .  

The image r e g i s t r a t i o n  was accomplished u s i n g  t h e  ERDAS CURSES, COORD2 
and RECTIFY programs. F i r s t ,  u s i n g  CURSES, ground c o n t r o l  p o i n t s  were t a k e n  
from both sets of imagery. Second, t h e  COORD2 program was used t o  c a l c u l a t e  
t h e  image t r a n s f o r m a t i o n  matrix and l i s t  the r e s u l t a n t  c o e f f i c i e n t s .  Root mean 
s q u a r e  e r r o r  f o r  t h i s  r o u t i n e  was set  a t  1.5. T h i r d ,  RECTIFY was a c c e s s e d  t o  
pe r fo rm t h e  a c t u a l  image r e g i s t r a t i o n .  During t h i s  p r o c e s s ,  t h e  AIS-I imagery 
were r e c t i f i e d  t o  " f i t "  t h e  TMS imagery. The b r i g h t n e s s  v a l u e s  of t h e  s h i f t e d  
AIS-I p i x e l s  were determined v i a  an i n t e r n a l  n e a r e s t  neighbor  f u n c t i o n .  Thus, 

59 



c 
ir 

f o l l o w i n g  t h i s  series of r o u t i n e s ,  t h e  newly c r e a t e d  image f i l e  c o n t a i n e d  10 
bands: 7 from t h e  TMS and 3 from t h e  AIS-I. 

The c l a s s i f i c a t i o n  of t h e  RIS-AIS-I imagery was accomplished u s i n g  t h e  
ERDAS CLUSTER program. T h i s  unsupe rv i sed  c l a s s i f i c a t i o n  a l g o r i t h m  o p e r a t e d  i n  
a two-pass mode. The f i r s t  pas s  through the d a t a  set  b u i l t  t h e  c l u s t e r s  by 
c o l l e c t i n g  p o i n t s  i n  t h e  image 's  s p e c t r a l  space.  For each  c o l l e c t i o n  of 
p o i n t s ,  t h e  CLUSTER r o u t i n e  c a l c u l a t e d  t h e  accompanying c l u s t e r  mean v e c t o r s .  
The second p a s s  th rough  t h e  d a t a  set  s e p a r a t e l y  a s s i g n e d  each p i x e l  of t h e  11 
band d a t a  s e t  t o  one of the mean v e c t o r s  c r e a t e d  i n  p a s s  1. 

20 c l u s t e r s  were c r e a t e d  from t h e  imagery. With r ega rd  t o  s p e c t r a l  s p a c e ,  
axes  s k i p  f a c t o r s  ( fo r  t h e  x and y d i r e c t i o n s )  were set a t  2 .  Minimum d i s t a n c e  
between c l u s t e r s  was a l s o  e s t a b l i s h e d  a t  2. F i n a l l y ,  minimum a l l o w a b l e  c l u s t e r  
r a d i u s  was 14 and t h e  c l u s t e r  e l i m i n a t i o n  t h r e s h o l d  p e r c e n t a g e  was 1. 

Fol lowing t h e  c l a s s i f i c a t i o n  p r o c e s s ,  two-dimensional two-band p l o t s  of 
t h e  mean v e c t o r  v a l u e s  were c r e a t e d .  These s c a t t e r p l o t s  r e p r e s e n t e d  t h e  
i n t e r s e c t i o n s  of t h e  i n d i v i d u a l  mean v e c t o r s  and t h e  s p e c i f i c  l o c a t i o n  of t h e  
20 c l u s t e r  groupings.  For comparison, s c a t t e r p l o t s  from t h e  AIS-I vs TMS as 
w e l l  as from t h e  TMS vs TMS are p rov ided  i n  F i g u r e s  1 and 2. A f t e r  p l o t t i n g  
t h e s e  mean v e c t o r s ,  t h e  f i n a l  p r o c e s s  involved t r a n s l a t i n g  t h e  c l u s t e r s  i n t o  
i n f o r m a t i o n  classes. The f i n a l  l and  use / cove r  c l a s s i f i c a t i o n  or "derived" map 
was c r e a t e d  u s i n g  ERDAS geograph ic  i n f o r m a t i o n  systems color assignment  
r o u t i n e s  . 

Accuracy f o r  t h i s  c l a s s i f i c a t i o n  p r o c e s s  was e s t i m a t e d  u s i n g  a n  o v e r a l l  
accu racy  a s ses smen t  method based on a c c e p t a n c e  sampling which h a s  been 
documented by Arnoff (1982).  I n  a d d i t i o n ,  Ginevan (1979)  p r o v i d e s  a 
methodology f o r  a p p l y i n g  t h i s  procedure t o  c l a s s i f i e d  maps. Using t h i s  
t e c h n i q u e ,  92 s e p a r a t e  p i x e l s  were p l o t t e d  and l a b e l e d  from t h e  c l a s s i f i e d  
imagery. These were t h e n  c h a r t e d  on 1:100,000 Royal A u s t r a l i a n  Survey Corps 
t o p o g r a p h i c  maps. Based on t h i s  p r o c e d u r e ,  o v e r a l l  accu racy  was determined t o  
be 89%. Thus, t h e  c l a s s i f i e d  imagery i s  above t h e  lower l i m i t  of 85% set by 
Arnoff and, i n  t u r n ,  r e p r e s e n t s  a n  a c c e p t a b l e  "der ived" map. 

CONCLUSIONS 

T h i s  t h r e e - t i e r e d  approach t o  l a n d  c o v e r j u s e  c l a s s i f i c a t i o n  d i s c u s s e s  
some of t h e  b e n e f i t s  from combining complementary d a t a  sets .  Admit tedly,  t h i s  
i n v e s t i g a t i o n  was somewhat s i m p l i s t i c .  N e v e r t h e l e s s ,  imagery from t h e  TMS, LFC 
and AIS-I were used t o  o b t a i n  an a c c e p t a b l e  l e v e l  of d e r i v e d  map accuracy .  By 
u s i n g  both d i s c r i m i n a t e  and s t a t i s t i c a l  t e c h n i q u e s ,  each d a t a  set p rov ided  
unique s p e c t r a l  i n f o r m a t i o n  v a l u a b l e  t o  t h e  g o a l  of t h i s  p r e l i m i n a r y  s t u d y .  I n  
p a r t i c u l a r ,  t h e  accu racy  o b t a i n e d  from t h e  image-to-image r e g i s t r a t i o n  
p r o v i d e s  i n c e n t i v e  t o  deve lop  photogrammetr ic  models f o r  p u r p o s e s  of 
c o r r e l a t i n g  and a n a l y z i n g  m l t i s e n s o r  d a t a  sets. 
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